BACKGROUND: Gout is a chronic inflammatory condition associated with poor urate metabolism. Xanthine oxidase inhibitors such as allopurinol and febuxostat are recommended to reduce uric acid levels and to prevent gout attacks in adult patients. Under budget-driven constraints, health care payers are faced with the broader challenge of assessing the economic value of these agents for formulary placement. However, the economic value of allopurinol versus febuxostat has not be assessed in patients with gout over a 5-year time period in the United States.
• Gout is a chronic inflammatory condition that affects an estimated 8 million people in the United States.
• Xanthine oxidase inhibitors such as allopurinol or febuxostat are recommended as first-line pharmacologic urate-lowering therapies to reduce serum urate production.
• Previous economic models comparing allopurinol with febuxostat have typically used preference-based endpoints (i.e., qualityadjusted life-years) and have applied non-U.S. costs.
What is already known about this subject
• This is the first study that accounted for relevant direct health care costs and compared the cost-effectiveness of allopurinol with febuxostat over a 5-year time period in the United States. • This economic model, constructed using data from published head-to-head clinical trial data, estimated an incremental costeffectiveness ratio of $6,322 per treatment success.
• Use of febuxostat appeared cost-effective compared with allopurinol, addressing the significance of management of serum uric acid goals in adult patients with gout.
ting due to non-U.S. costs, differential pricing strategies, treatment pattern data, and different regulatory systems. [16] [17] [18] On the other hand, other studies either did not account for costs associated with health care resources typically reported in patients with gout or were evaluated only for a specific subgroup of gout patients (i.e., chronic kidney disease (CKD) stage 3/4 gout patients with sUA ≥ 8 mg/dL). 19, 20 To address this gap in knowledge and to fully understand the complete economic value over long-term sequelae, a Markov model was developed to compare the cost-effectiveness of allopurinol with febuxostat over a 5-year time period.
Data suggest that long-term treatment (sUA < 6 mg/dL) of gout patients can lead to reduction in gout flares and resolution of tophi in the majority of patients. 5 Cost-effectiveness studies have increasingly been used to demonstrate the economic appraisal of various treatment options based on the payer's perspective. Under budgetary constraints, health care payers are often faced with the broader challenge of assessing the economic value and making decisions regarding formulary placement of various treatment options. To determine whether the new treatment option offers potential benefits compared with the existing treatment options will typically be based upon its clinical relevance and economic value. The purpose of this study was to evaluate the cost-effectiveness of allopurinol versus febuxostat in patients with gout over a 5-year time period from a U.S. health care payer perspective.
alternative first-line pharmacologic treatment option if at least 1 XOI agent is contraindicated or not tolerated. The ACR guidelines recommend a combination of an oral ULT with an XOI agent and a uricosuric agent (e.g., probenecid) when the sUA target goals have not been achieved by appropriate XOI dosing. Pegloticase (Krystexxa, Savient Pharmaceuticals), a PEGlycated uric acid specific enzyme, is recommended as a third-line therapy to treat adult patients with chronic gout refractory to, or intolerant of, conventional oral XOIs and uricosuric agents. 9 Probenecid and third-line pegloticase therapy were not included as comparative treatment options due to the lack of clinical trial data evaluating the long-term safety and efficacy of these therapies or consensus on how patients would be treated after failing 2 ULTs.
The recommended dose for allopurinol can be in the range of 100 mg-800 mg daily; however, it is most commonly dosed at 100 mg-300 mg daily. 10, 11 The recommended dose of febuxostat for treatment of hyperuricemia in patients with gout is 40 mg or 80 mg once daily. Febuxostat, a nonpurine selective XOI, was approved in 2009 by the U.S. Food and Drug Administration based upon phase II, phase III, and long-term, randomized, open-label extension studies for the treatment of hyperuricemia in patients with gout. 6, [12] [13] [14] [15] Several studies have evaluated the cost-effectiveness of febuxostat compared with allopurinol in patients with gout where the findings support the use of febuxostat as a cost-effective strategy. [16] [17] [18] [19] [20] However, some of these studies cannot be extrapolated to the U.S. set- 
■■ Methods
A Markov model was designed to allow comparisons over a 5-year time period. Clinical trial data comparing allopurinol with febuxostat were available over variable time periods (from 6 months up to 60 months). 5, 6, 13, 21 The first-year probabilities used in the economic model were pooled estimates based on information from 2 randomized controlled trials (RCTs) for allopurinol and febuxostat: the Febuxostat versus Allopurinol Control Trial (FACT; n = 762) observed over 52 weeks and the 28-week Allopurinol and Placebo-controlled Efficacy study of febuXostat (APEX). 6, 13 This approach was appropriate because the 2 clinical trials, FACT and APEX, used identical patient populations and efficacy and safety endpoints. Both RCTs compared febuxostat 80 mg/120 mg with allopurinol 100 mg/300 mg and placebo. 6, 13 The subjects who completed 1 of the 2 phase III RCTs (FACT or APEX) were enrolled in EXCEL, a long-term, randomized, open-label extension study (n = 1,086), and monitored for up to 40 months of ULT. 5 Subjects in the EXCEL clinical trial were assigned to fixed-dose daily ULT with febuxostat (80 mg or 120 mg) or allopurinol (300 mg). The primary endpoint to evaluate the efficacy was the percentage of patients with serum urate concentration of < 6.0 mg/dL in all the 3 studies. 5, 6, 13 Clinical trial evidence suggests that allopurinol doses of 300 mg or less daily fail to achieve target sUA levels. 9 However, allopurinol dosing of 300 mg daily was compared with febuxostat 80 mg for the following reasons: (a) lack of long-term safety and clinical trial data of doses greater 9 and (b) suggestion of practice survey data that titration of allopurinol dosing of greater than 300 mg is seldom attempted by physicians.
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Model Structure and Model Inputs
The cost-effectiveness of allopurinol compared with febuxostat in treatment of patients with gout was evaluated using a Markov model (DATA, Treeage Software, Inc., Williamstown, MA). The Markov model consisted of 4 health states as presented in Figure 1 with each cycle length of 6 months. The 6-month cycle length was chosen because the time period was appropriate to determine treatment and clinical benefit and also represented the frequency of efficacy assessment in clinical trials. 6, 13 The model was used to consider a cohort of 1,000 adult gout patients (mean age: 43 years) with sUA levels of at least 8 mg/dL (0.48 millimoles per liter [mmol/L]) and who had received allopurinol or febuxostat. Treatment success was defined as patient achievement of a sUA level < 6 mg/dL (0.36 mmol/L) at 6 months. After each defined 6-month cycle, depending on the transition probabilities, patients with treatment success could remain in the specified health state (sUA level < 6 mg/dL, 0.36 mmol/L) and were expected to continue treatment; those with sUA levels ≥ 6 mg/dL experienced treatment failure, whereas the remaining portion experienced treatment dropouts or death. Treatment-specific acute gout flare rates for the first 6 months were based on the pooled estimates from the APEX and FACT clinical trial data. 6, 13, 17 It is a wellknown paradoxical fact that administering ULT leads to acute gout flares. 17 Clinical trial data suggest higher acute gout flare rates associated with febuxostat compared with allopurinol in the initial treatment periods, primarily due to greater reduction in sUA levels with febuxostat (gout flare rates are presented in Table 1 ). 17 The EXCEL clinical trial and another published study provided additional long-term data on acute gout flare rates. 5, 17 Patients developing acute gout flares during treatment were managed by nonsteroidal anti-inflammatory drugs (NSAIDs) or colchicine for a period of 8 weeks per 6-month cycle. 17 With failure to achieve treatment success (sUA ≥ 6 mg/dL), patients switched to the other treatment option (i.e., allopurinol or febuxostat). This approach was chosen because the failure of model patients to switch therapy can influence real-life settings, which in turn can underestimate the clinical benefit, costs, and long-term safety in these patients. The clinical trial data that were used in this study do not reflect "realworld" discontinuation after treatment failures. In the Markov model, a few criteria were defined for stopping the treatment option. First, it was assumed that patients with 2 consecutive 
TABLE 2
Resource Use and Base-Case Undiscounted Cost Values and Ranges Used in One-Way Sensitivity Analyses
treatment failures would discontinue treatment and would remain in that state for rest of the study period. Second, treatment dropouts and discontinuation rates were applied in this model given that poor adherence to ULT is a common problem in gout patients. 9, 23 The transition probabilities of maintaining treatment success, failure, and treatment dropout over the first year were derived from the APEX and FACT clinical trials (Table 1) . 6, 13 In the absence of long-term data after 52 weeks, the transition probabilities of maintaining long-term response, failure, and treatment dropouts for 13-36 months were taken from the EXCEL clinical study. 5 Additional long-term data for urate-lowering and clinical efficacy and safety were obtained from a previously published study and the 5-year Febuxostat Open-label Clinical Trial of Urate-Lowering Efficacy and Safety (FOCUS) extension study. 17, 21 Since the mortality rates across both treatment arms did not significantly differ, it was assumed that the transition probabilities to death were identical for both treatment arms. 24 The model was designed from the health care payer perspective in the United States. Direct medical costs and effectiveness measures were estimated over a 5-year time period. This time period was chosen for 3 reasons: (1) this was the closest approximation to the long-term EXCEL and FOCUS clinical studies 5, 21 ; (2) long-term sequelae for patients with gout can be presented well with a 5-year study period; and (3) U.S. health care payers typically prefer a shorter time period for economic evaluations.
25,26 Cost-effectiveness was expressed as cost per treatment success where success was defined as an sUA level reduction of < 6 mg/dL. A discount rate of 3% was applied for both cost and effectiveness in the base-case analysis. All costs were presented in 2014 U.S. dollars.
Data Sources and Assumptions for Resource Use and Cost Estimates
Since this study was conducted from a U.S. health care payer perspective, only direct costs were estimated, which included treatment drug costs and medical costs, including costs for prophylaxis drugs, diagnostic laboratory tests, and those associated with treatment and management of acute gout flare. Monthly cost of therapy included the cost of the treatment drug (allopurinol or febuxostat) based on annual wholesale acquisition cost (WAC). 27 Consistent with treatment dose from the phase III clinical trials, 6,13 the WAC for allopurinol 300 mg and febuxostat 80 mg were calculated for this study (Table 2) . Unit costs associated with laboratory monitoring tests were based on the 2014 Medicare fee schedule. 28 Outpatient physician (Current Procedural Terminology [CPT] code 99214) and inpatient physician visits (CPT code 99232) were based on the Medicare physician fee schedule. 28 The costs associated with hospitalizations were obtained from 2012 Healthcare Cost and Utilization Project (HCUP) statistics from the HCUP-3 Nationwide Inpatient Sample for Principal Diagnoses for gout and adjusted for inflation to 2014 U.S. dollars using the medical care component of the Consumer Price Index (CPI). 29, 30 Costs associated with emergency department (ED) visits for patients with gout have not been reported clearly. ED estimates were derived based on a 2012 study by Wu et al. (2012) 1 and expert consultation. Since the estimates obtained from both of these sources were highly skewed and differed based on sample size, weighted estimates were calculated. The total charge for ED visits based on these sources was adjusted using a cost-tocharge ratio (CCR) to convert into actual costs. The Agency for Healthcare Research and Quality recommends that hospitalwide CCRs should be multiplied by appropriate adjustment factors (AFs) for the patient's Medicare Severity Diagnosis Related Groups or Clinical Classification Software (CCS) category to obtain a more accurate CCR, which in turn can provide a more accurate cost estimate. 31 We multiplied the CCRs with AFs for the principal CCS category for gout and other crystal arthropathies to obtain the most accurate CCR (0.63326). The calculated costs were inflated to 2014 U.S. dollars using the medical care component of the CPI, since the charges and CCR estimate were based on 2009 values. Costs of adverse events were not incorporated in this study because the adverse events rates (including cardiovascular adverse event rates) did not differ significantly across the 2 treatment groups. 6, 13 The recommendations and assumptions for the type and frequency of monitoring units were based on clinical evidence and consultation with a pharmacist with expertise and knowledge about patients with gout (the pharmacist was a colleague of the authors of this study). One-time costs associated with blood uric acid tests were added for both drugs, and specific laboratory costs were added for patients treated with allopurinol ( Table 2) . Anti-inflammatory agents such as oral colchicine (0.5 mg or 0.6 mg orally once or twice a day), low-dose NSAIDs (e.g., naproxen 250 mg orally twice a day), or low-dosage prednisone or prednisolone (defined as ≤ 10 mg/day) are also recommended for gout attack prophylaxis. 9, 10 In addition to the drug costs, the costs for the treatment and management of acute gout flare were assumed to include the costs for drug prophylaxis for 8 weeks (naproxen 250 mg orally twice a day) and 1 outpatient visit. It was assumed that patients with gout flare would incur drug costs, drug prophylaxis costs for 8 weeks (naproxen 250 mg orally twice a day), 2 outpatient visits, and 1 ED visit for a 6-month cycle. It was also assumed that patients with treatment dropouts would incur 2 outpatient visits, 2 ED visits over a 6-month period, and 1 inpatient visit and 1 hospitalization every year for the remainder of the study period. Table 2 presents resource use and health care costs associated with allopurinol and febuxostat.
The cost-effectiveness analysis model included costs and effectiveness outcomes for each treatment drug, incremental costs, incremental effectiveness, and incremental cost-effectiveness ratios (ICER) comparing allopurinol with febuxostat.
■■ Results
Base-Case Analysis
The per patient total costs incurred over a 5-year time period were estimated at $48,413 for allopurinol and $50,295 for febuxostat, resulting in a 5-year incremental total cost of $1,882 for febuxostat compared with allopurinol. The estimated effectiveness based on percentage of treatment success during the 5-year time period was 42 and 72 for allopurinol and febuxostat, respectively. This resulted in an incremental percentage of treatment success of 30, comparing febuxostat with allopurinol. Thus, the incremental total costs per treatment success with the use of febuxostat compared with allopurinol were $6,322 over 5 years (Table 3) .
Sensitivity Analysis
One-way sensitivity analyses demonstrated that ICER results were impacted by several key parameters; study findings were most sensitive to the probabilities in the model (Figure 2) . The results for one-way sensitivity analyses ranged from a lower limit of -$4,863 per treatment success to an upper limit of $18,936 per treatment success when comparing febuxostat with allopurinol. The lower limit and upper limit were obtained by varying the probability of treatment dropouts for allopurinol (from 0.16 to 0.26). The 4 most sensitive input parameters included probabilities of treatment success for allopurinol, treatment dropout for allopurinol, treatment dropout for febuxostat, and failure and switch to allopurinol. Febuxostat was the dominant strategy compared with allopurinol when decreasing the probability of treatment success for allopurinol (from 0.22 to 0.165), increasing the probability of treatment dropouts for allopurinol (from 0.21 to 0.26) or the probability of failure of febuxostat and switch to allopurinol (from 0.14 to 0.19), or decreasing the probability of treatment dropouts for febuxostat (from 0.35 to 0.30). The secondary analysis results when decreasing the frequency of resources associated with treatment dropouts demonstrated that the ICER with febuxostat versus the ICER with allopurinol was $14,940 over a 5-year time period (data not presented). Variations in other input parameters led to marginal changes in 5-year ICER values.
Sensitivity Analyses
One-way sensitivity analyses and multivariate probabilistic sensitivity analyses (PSAs) were conducted using a Monte Carlo simulation to examine the influence of variations in several key model inputs and assumptions on the model results. For the one-way sensitivity analysis, costs associated with treatment, hospitalization, outpatient and inpatient physician visits, and ED visits were varied by ± 25% of the base value to evaluate the sensitivity of these assumptions on cost-effectiveness results. Base-case probabilities for treatment success and treatment failure were also varied using one-way sensitivity analyses (Table 1 ). Due to differences in the discontinuation rates in clinical trials compared with a real-world setting, the base-case probability for treatment dropouts was also varied in one-way sensitivity analysis. Since the frequency of resources associated with treatment dropouts was based on clinical judgment and expert consultation, the frequency of resources were varied to evaluate its impact on the robustness of the analysis. In a secondary analysis, it was assumed that treatment dropouts would incur 2 outpatient visits and 1 ED visit over a 6-month period and 1 inpatient visit every year for the remainder of the study period.
For the multivariate PSAs using a Monte Carlo simulation, all cost parameters and base-case probabilities were simultaneously varied 10,000 times to evaluate the robustness of the results in the model. Beta distributions bounded by 0 and 1 were used for probability parameters where the means for these distributions were set equal to their base-case values, and the standard deviations (SDs) were approximated by ±0.05µ, where µ was the base-case mean value of the parameter. Gamma distributions were applied to represent the uncertainty in the cost parameters where the means for these distributions were set equal to their base-case values, and the SDs were approximated by ± 25% of the base-case mean value of the parameter. This approximation was made because the relevant variance data were not available in the sources for the cost parameters. The distributions of ICERs at 5-year intervals were plotted in cost-effectiveness acceptability curves (CEACs). Different willingness-to-pay (WTP) thresholds were derived from the CEACs to determine the cost-effectiveness of febuxostat compared with allopurinol. none of the cost parameters significantly influenced the ICER values, especially since some of the cost values and frequency of resource consumption were based on expert consultation. Nonetheless, it is worth mentioning that although assumptions were varied in the one-way sensitivity analyses, febuxostat was found to be a cost-effective option compared with allopurinol for adult patients with gout in the United States. PSAs showed that febuxostat had a greater than 51.5% probability of being cost-effective compared with allopurinol for a WTP threshold of at least $10,000 per treatment success.
To our knowledge, this is the only study that has accounted for all relevant direct health care costs for allopurinol and febuxostat in patients with gout in the United States. Several other studies have used the ICER metric to assess the costeffectiveness of allopurinol versus febuxostat. [16] [17] [18] [19] [20] As a part of PSAs performed 10,000 iterations of the model, which demonstrated that febuxostat had a 51.5% chance of being costeffective at a WTP threshold of $10,000 per treatment success ( Figure 3 ) and a 65% chance of being cost-effective at a WTP threshold of $50,000 per treatment success.
■■ Discussion
The Markov model in this study demonstrated that using febuxostat is cost-effective compared with allopurinol in the United States, with an ICER of $6,322 per treatment success over a 5-year time period. The one-way sensitivity analyses indicated that the results were most sensitive to the probabilities of treatment success for allopurinol, treatment dropouts for allopurinol, treatment dropouts for febuxostat, and the probability of failure and switch to allopurinol. Surprisingly, its submission to the National Institute for Health and Clinical Excellence in the United Kingdom, the drug manufacturer conducted an economic analysis comparing febuxostat at doses of 80 mg/day or 120 mg/day and allopurinol at 300 mg/day over 1-and 2-year time periods. The results showed an ICER of £16,574 ($US25,920) and £15,565 ($US24,342), respectively. 16 However, it was argued that the results were based on imprecise estimates and biases and should be interpreted with caution. 17 A recent economic study evaluated the cost-effectiveness of febuxostat compared with allopurinol in gout patients based on the perspectives of the National Health Service and the Social Services in Scotland. Febuxostat was found to be costeffective as a second-line therapy for treatment of patients with chronic hyperuricemia. An ICER of £3,578/quality-adjusted life-year (QALY) was reported for second-line therapy with febuxostat 80 mg/120 mg compared with allopurinol over a 5-year time period. 17 In a separate study, a Markov model was conducted to compare the cost-effectiveness of febuxostat with allopurinol based on a Canadian public payer perspective. This economic study estimated an ICER of $18,395/QALY for febuxostat versus allopurinol in patients with normal renal function. 18 However, the numbers from these studies are not directly comparable to our study due to different health care systems, non-U.S. costs, cross-country cost variations, and use of preference-based endpoints (i.e., QALYs).
A study by Meltzer et al. (2012) found that a significant reduction in febuxostat drug cost would be required for it to dominate allopurinol. 19 Although, the authors found febuxostat to be a cost-effective option, they did not account for relevant health care resource costs typically associated with gout patients. For instance, febuxostat incurs additional costs for liver function test abnormalities and the expected cost for 20 Although this study found fewer gout flares, fewer CKD stage 5 patients with gout, and reduced overall costs, the authors accounted for a specific subgroup of gout patients, thereby reducing the applicability of their study findings. Given that the economic evidence comparing allopurinol and febuxostat in the United States is limited, the present study provides timely information to payers regarding the economic value of using febuxostat compared with allopurinol in the United States.
Although the Markov model cannot represent the actual disease course in a real-world setting, it is a commonly used approach to estimate the costs and benefits, when the risk is continuous and there is a possibility that the health states may occur more than once. 26, 32 Data from the long-term extension study demonstrated that maintenance of sUA goals will lead to virtual elimination of acute gout flares and resolution of tophi status. 5 These data demonstrate the significance of long-term management of sUA target goals that can lead to prevention and near elimination of acute gout flares and resolution of tophus status over time. Utilities were not considered in this study, since at the time of the study, there was no published evidence of utility values among gout patients in the United States. Prior evidence has reported the influence of long-term progression of gout on negative well-being and health-related quality of life among gout patients.
17,33
Limitations
The recommendations and assumptions for the type and frequency of resource consumptions were based on clinical evidence and expert consultation. In addition, transition probabilities were derived from published clinical trial data and open label extension studies. 5, 6, 13, 21 Although the use of different sources for costs and probabilities is a common approach in cost-effectiveness studies, the varied assumptions can potentially influence the model results. However, one-way sensitivity analyses demonstrated that at certain values within the ranges for input parameters of probabilities of treatment success of allopurinol, treatment dropouts for allopurinol, treatment dropouts for febuxostat, and failure and switch to allopurinol, febuxostat was found to be a dominant treatment option compared with allopurinol ( Figure 2 ). Another major assumption in this study was that patients discontinued treatment if they had 2 consecutive treatment failures. Although not all patients follow this treatment pattern in a real-world setting, current literature does not provide any direct evidence of these parameters. Moreover, as shown in clinical trials, most patients achieve sUA target goals within 12 months of therapy. 6, 13 We did not consider second-and third-line treatment options among patients with gout in the present study, since existing literature and publicly available data provide very limited direct evidence to demonstrate the influence of these parameters. It was also important that our study findings reflect the differences among the 2 treatment options of interest and not be confounded by effects from subsequent treatment options. The present study might be cautiously generalized to the real-world setting, since effectiveness parameters can be considerably different, such as treatment effectiveness, patient compliance, discontinuation rates, and presence of comorbid conditions. We chose not to incorporate costs associated with adverse events in the model estimation with use of either therapy. Clinical trial data suggest that adverse event rates among patients using either therapy were not found to be statistically different.
Finally, this study was conducted from a U.S. health care payer perspective and did not include indirect and societal cost estimates. Future studies should evaluate the cost-effectiveness of febuxostat versus allopurinol from a societal perspective to assess whether indirect and intangible costs influence the ICER values in any considerable way. The association between gout and significantly greater work absenteeism and negative impact on productivity than their counterparts without gout has previously been demonstrated. 34 It is worth noting that if the magnitude of indirect costs is correlated with the reduction in frequency of acute gout flares and resolution or reduction in tophus status over time, it is conceivable that the study findings may remain the same from a societal perspective.
■■ Conclusions
This economic assessment is the first study to compare the cost-effectiveness of allopurinol with febuxostat among gout patients in the United States over a 5-year time period. The base-case analysis showed that the incremental costs per treatment success for febuxostat were $6,322 over a 5-year period, suggesting that febuxostat may be a cost-effective option compared with allopurinol among adult patients with gout. The results were sensitive to base-case probabilities where we found that febuxostat was a dominant treatment option compared with allopurinol. These study findings can better inform health care payers regarding formulary coverage of treatment options used in adult patients with gout in the United States.
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